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Female pelvis imagingAbstract Purpose: To evaluate the role of magnetic resonance imaging in diagnosis of Mu¨llerian
duct anomalies.
Patients and methods: A prospective study included 48 female patients suspected to have Mu¨llerian
duct anomalies. All patients underwent trans-abdominal and/or trans-vaginal real time ultrasonog-
raphy. MRI was performed for all patients. Cases were classiﬁed according to American Society of
Infertility classiﬁcation. Outcome information reviewed in comparison with ﬁnal hystroscopic and
labaroscopic data.
Results: This study included 48 patients suspected to have Mu¨llerian duct anomalies according to
ultrasonography. MRI ﬁnal diagnosis was classiﬁed according to American Fertility Society as fol-
lows: Class I, 15 patients representing 31%, class II, 7 patients representing 15%, class III, 2
patients representing 4%, class IV, 6 patients representing 13%, class V, 15 patients representing
31% and class VI, 3 patients representing 6%.
Conclusion: MRI of the pelvis proved to be highly efﬁcient in the diagnosis of Mu¨llerian duct
anomalies and can be considered a corner stone for diagnosis. It proved to be a non invasive, accu-
rate, method for diagnosis and can predict outcome of the condition.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Uterovaginal anomalies are usually associated with high inci-
dence of decreased fertility and multiple obstetric problems.
These anomalies are caused by alteration in development or
fusion of the Mu¨llerian ducts (1).
Correct diagnosis and classiﬁcation of uterovaginal anoma-
lies is needed to determine cases requiring interventional
therapy or surgical correction especially in infertility patients
and patients presented with symptoms that arise from an
obstructed or deformed reproductive tract (2).
Table 1 The clinical presentation of 48 patients.**
Clinical presentation Number Percentage
Primary Amenorrhea 17 35
Repeated miscarriage 16 33
Dysmenorrhea 9 19
Irregular menstrual cycle 6 13
Severe recurrent abdominal pain 6 13
Vaginal mass 1 2
** More than one symptom recorded in the same patient.
Table 2 Ultrasound ﬁndings in 48 patients suspected to have
MDA.
Ultrasound ﬁndings Number of patients Percentage
Uterine agenesis 14 29
Septate uterus 13 27
Bicornate uterus 7 15
Unicornate uterus 6 13
Small sized uterus 3 6
Bulky uterus 3 6
Didelphys 2 4
Ovarian lesions
Ovarian cyst 8 17
Dermoid cyst 2 4
Hematocolpos 1 2
Renal anomalies
Agenesis 5 10
Pelvic ectopic kidney 4 8
Horseshow kidney 1 2
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sive tool for demonstrating normal pelvic anatomy and pelvic
abnormalities. Systematic analysis of MR images allows
accurate morphologic demonstration and classiﬁcation of
uterovaginal anomalies that is imperative for appropriate
treatment and planning for proper surgical approach (1,3,4).
The aim of our study was to evaluate the efﬁciency of mag-
netic resonance imaging in the diagnosis of Mu¨llerian duct
anomalies.
2. Patients and methods
A prospective study included 48 patients recruited between
December 2010 and February 2012. All the patients were re-
ferred from the Obstetric and Gynecology department to the
Radiology department. All patients were included after meet-
ing the inclusion criteria which depends on real time trans-
abdominal and/or trans-vaginal ultrasonography data.
2.1. Inclusion criteria
Patients with a history of primary amenorrhea, severe
dysmenorrhea, repeated miscarriage or infertility showed
abnormal gynecological ultrasonography or abnormal
hystrosalpingography.
2.2. Exclusion criteria
Patients with normal HSG and normal utrasonography.
All patients underwent:
1. Full history taking with special emphasis on menstrual
and obstetric history.
2. Ultrasonographic examination either abdominal and/
or transvaginal using GE Medical System LOGIQ 5
pro machine with linear array multi-frequency trans-
ducer 3.5–10 MHz.
3. MRI examination of the pelvis.
4. Hysteroscopy and/or laparoscopy for conﬁrmation.
2.3. Technique of MRI examination
Before the examination, patients were routinely questioned
about any contraindication for MRI examination and in-
structed to remove any metal objects. All patients underwent
MRI using 1.0 Tesla Scanner (Gyroscan Intera, Philips medi-
cal system) with phased-array MR surface coil. An inversion-
recovery image of the uterus in the sagittal plane is obtained
initially to determine uterine lie. Fast spin-echo T2-weighted
images are then acquired parallel to the long axis of the uterus
to characterize the external uterine contour in coronal plane,
depending on uterine lie. T1-weighted spin-echo sequences
are performed with the following parameters: 600/16 (repeti-
tion time msec/echo time msec), 20–24-cm ﬁeld of view,
256 · 160 matrix, and 4-mm section thickness with a 1-mm
gap. Fast spin-echo T2-weighted images (5000–7500/100–130)
are acquired with a 20–24-cm ﬁeld of view, 256 · 256 matrix,
echo train length of 16, bandwidth of 32 Hz, and 4-mm section
thickness with a 1-mm gap. Further imaging of the pelvis witha transverse T1-weighted sequence and additional multiplanar
fast spin-echo T2-weighted sequences was then performed to
fully evaluate the cervix, vagina, and ovaries. Finally, a coro-
nal fast-spoiled-gradient-echo image or a single-shot fast
spin-echo T2-weighted image is obtained by using the body
coil, with a large ﬁeld of view to enable assessment of the
kidneys.
2.4. Image interpretation
MRI data were collected regarding: presence or absence of
uterus, uterine size and differentiation of its zonal anatomy,
external fundal contour evaluation, measuring inter-corneal
distance, presence of any uterine or vaginal septum, type of
the septum, associated pelvic lesions or renal anomalies. Pa-
tients were diagnosed according to classiﬁcation of American
Society of Infertility.
2.5. Statistical analysis
Data entry was done by SPSS version 17 and analyzed by the
same software.
3. Results
Our study included 48 female patients. Their ages ranged be-
tween 14 and 38 years old. They were referred with various
Table 3 MRI ﬁndings in 48 patients with Mu¨llerian duct
anomalies.
MRI ﬁndings Number Percent
Class I: 15 31
Uterine agenesis 6
Uterine hypoplasia with undiﬀerentiated
tissue remnant
5
Uterine hypoplasia with complete zonal
diﬀerentiation
1
Rokitensky–Mayer syndrome 3
Class II 7 15
Unicornate uterus 3
Unicornate with non communicating
functioning horn
1
Unicornate uterus with rudimentary horn 3
Class III
Uterus didelphys 2 4
Class IV
Bicornate uterus 6 13
Class V 15 31
Incomplete septate uterus 7
Septate uterus with ﬁbrous septum 5
Septate uterus with muscular septum 3
Class VI
Arcuate uterus 3 6
Associated ﬁndings
Vaginal septum and hematocolpos 1 2
Hematometria 1 2
Ovarian cyst 6 13
Endometriotic cyst 2 4
Dermoid cyst 2 4
Renal anomalies 10 21
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repeated miscarriage, dysmenorrhea, severe recurrent abdomi-
nal pain and irregular menstrual cycle and vagina mass
(Table 1).
All of the patients underwent real time gray scale ultraso-
nography either abdominal or transvaginal. The results of
the examination were recorded in (Table 2). According to these
results patients were selected to do MRI examination.
MRI ﬁndings were collected and ﬁnal diagnosis was classi-
ﬁed according to the classiﬁcation of American society ofFig. 1 21-year old female presented with primary amenorrhea. (A) S
and rectum posteriorly; ectopic kidney is well noted (white arrow). (B
arrow); right ovary with multiple follicles is also noted. Final diagnosFertility where class I included 15 patients representing 31%,
class II included 7 patients representing 15%, class III included
2 patients representing 4%, class IV included 6 patients repre-
senting 13%, class V included 15 patients representing 31%
and class VI included 3 patients representing 6%. Detailed
ﬁndings and associated pathologies such as vaginal septum,
hematocolpos, hematometria, ovarian cysts, dermoid cyst,
renal anomalies and endometriosis, were tabulated in (Table 3)
(Figs. 1–7).
Our MRI diagnosis conﬁrmed with clinical ﬁndings in
hysteroscopy or laparoscopy. Most of our MRI ﬁndings were
the same as the clinical ﬁndings except in some cases. In class I;
one patient was diagnosed as uterine agenesis in MRI, but a
remnant of the uterine tissue was found beside the right ovary
so considered hypoplastic. In class II; one of the patients
proved to have a rudimentary horn not visualized in MRI
and another one had a functioning horn communicating with
the main corpus in hysteroscopy. In class III; one of the two
patients diagnosed as uterus didelphys was found to have a
deeply septate uterus with septum reaching the external os.
In class IV one of the cases was diagnosed in MRI as bicornate
uterus while in hysteroscopy diagnosed as unicornate uterus
with functioning communicating rudimentary horn. In class
V one patient diagnosed by MRI as partial septate was found
to be normal with no intra cavitary septum and the same ﬁnd-
ing was seen in one of arcuate uterus patients class VI which
proved to be normal uterus (Table 4).
4. Discussion
Transvaginal ultrasonography has been the foremost imaging
modality for assessing the female genital tract for decades.
Magnetic resonance imaging has extended the usefulness of
imaging in evaluation of pelvic disorders in the last 10 years
(5–8).
Mu¨llerian duct anomalies can cause reproductive problems
in about 25% of women, including increased risk for spontane-
ous abortion, prematurity, intrauterine growth retardation,
abnormal fetal lie, and dystocia at delivery. Accurate charac-
terization of Mu¨llerian duct anomalies is essential because
pregnancy outcomes and treatment options vary between dif-
ferent classes of anomalies (9,10).
In our study we found that in class I MDA, MRI with its
excellent soft-tissue resolution and multiplanar imaging
capabilities can accurately diagnose uterine agenesis via theagittal T2WI showed no uterine tissue between bladder anteriorly
) Coronal T2WI showed no uterus; ectopic pelvic kidney (black
is class I MDA (Rokitensky–Mayer syndrome).
Fig. 2 26-year old female presented with primary infertility and an irregular menstrual cycle. (A) Sag. T2WI showed hypoplastic uterus
with functioning endometrium and normal zonal anatomy (white arrow). (B) Axial T2WI showed the hypoplastic uterus in its normal
location between the bladder and rectum (black arrow), note the normal zonal differentiation. Final diagnosis was class I MDA
(hypoplastic uterus).
Fig. 3 18-year old female presented with severe dysmenorrhea. (A) Sagittal T2WI showed a small uterine body with normal zonal
differentiation & free communication with the cervix. (B) Axial T2WI showed a markedly distended rudimentary horn with hematometria
(white arrow), note both ovaries. (C) Coronal T2WI showed two cornu, the left one showed normal zonal differentiation (black arrow)
and the right is a rudimentary horn distended with heamatometria and not communicating with the main corpus (white arrow). Final
diagnosis class II MDA; unicornuate uterus with non communicating rudimentary horn and hematometria.
564 N.F. El Ameen et al.detection of uterine absence. Infantile uterus can be easily
diagnosed via measuring the inverted corporocervical ratio.
This was concordant with what Saleem et al., Troiano et al.
and Mueller et al. stated in their reports (1,7,11).
MRI proved to be accurate in the evaluation of zonal dif-
ferentiation and the detection of the presence or absence offunctioning endometrium. Imaoka et al. , Pellerito et al. and
Reinhold et al. stated that it is important in patients with
hypoplastic and uni-cornate uterus to evaluate the function
of uterine corpus and cervix to predict the future fertility
and incidence of endometriosis. We agreed with their state-
ment as two of our patients with uni-cornate uterus had rudi-
Fig. 4 25-year old female presented with primary infertility. (A) Coronal T2WI showed two separate uterine cavities (black arrows) with
normal zonal anatomy. (B) More posterior scans showed two separate cervices (white arrow) note the Rt. dermoid cyst (solid black
arrow). Final diagnosis class III MDA (uterus didelphus).
Fig. 5 27-year old female presented with repeated miscarriage. (A) Coronal T2WI showed two uterine corpora (black arrows) with one
cervix (white arrow). Normal zonal anatomy is well demonstrated. (B) Axial T2WI showed the two separate corpora and functioning
endometrium (white arrows). Final diagnosis class IV MDA (bicornuate uterus).
Fig. 6 25-year old presented with primary infertility. Coronal
T2WI showed deep muscular septum splitting the uterine cavity
(arrow head). The uterine fundus is seen broad and ﬂattened
(black arrow). The inter-corneal distance is less than 4 cm (white
line). Final diagnosis class V MDA (septate uterus).
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other had an endometriotic cyst because of the functioning
endometrium in the rudimentary horn (5,12,13).
Pelvic MRI can detect associated renal anomalies which is
the commonest secondary ﬁnding in patients with MDA spe-
cially class I. Variable renal anomalies such as agenesis, renalectopia and fused crossed ectopia were reported in our study.
This was concordant with multiple various studies such as by
Brody et al. and others who stated that renal tract anomalies
were associated with MDA in 30% of the cases and referred
this to the close embryologic proximity of mesonephric and
para mesonephric ducts (12,14–17).
Hysterosalpingography (HSG) does not always allow reli-
able differentiation between septate and bicornuate anomalies
because we cannot see the endometrium in HSG. On contrary
to MRI, with its high morphological capabilities, accurate dif-
ferentiation between septate, bicornuate and didelphic uterus
can easily be achieved. Convex fundus was the corner stone
in differentiation between septate from a bicornuate or didel-
phic uterus while extension of the septum into the cervical ca-
nal differentiates didelphic from bicornuate or deeply septate.
MR imaging helps conﬁrming the presence of a bicornuate
uterus by depicting a deep (>1 cm) fundal cleft in the outer
uterine contour and an intercornual distance of more than
4 cm which agreed with previous studies including Steinkueh-
ler et al. and others (9,12,18,19).
In our study we also found that the thickness of the septum
and its signal in patients with septate uterus can differentiate
between ﬁbrous and muscular septum. This was amenable to
Pellerito et al. and Carrington et al. who stated that these three
Fig. 7 15-year old girl presented with repeated severe abdominal pain. (A) Axial T2WI showed anteriorly displaced uterus (black arrow);
large hematocolpos (white arrow) is seen posterior to the uterus. (B) Sagittal T2WI showed the uterus (black arrow) and markedly
distended cervix with hematocolpos (white arrow). Final diagnosis was transverse vaginal septum and hematocolpos.
Table 4 Comparison between MRI diagnosis and hysteros-
copy and/or laparoscopy diagnosis.
Diagnosis MRI Hysteroscopy
or laparoscopy
Uterine agenesis 6 5
Uterine hypoplasia 6 7
Rokitensky–Mayer syndrome 3 3
Unicornate uterus 3 2
Unicornate with functioning horn 1 2
Unicornate with rudimentary horn 3 4
Uterus didelphys 2 1
Bicornate uterus 6 5
Incomplete septate uterus 7 6
Septate with ﬁbrous septum 5 5
Septate with muscular septum 3 3
Deeply septate reaching the external os 0 1
Arcuate uterus 3 2
Normal 0 2
Total 48 48
566 N.F. El Ameen et al.different classes of anomalies must be differentiated from each
other because they have a different treatment approach. Sep-
tate uterus requires septectomy, while a bicornuate or didel-
phic uterus does not. Also ﬁbrous septum needs
hysteroscopy resection while muscular septum necessitates a
Trans abdominal metroplasty (12,18).
Unicornuate uterus was the most difﬁcult MDA to diag-
nose. Rudimentary horn, hematometria, endometriosis and
complex renal anomalies were frequently seen associated.
When rudimentary horn is non communicating it appears
markedly distended and simulates the bicornuate uterus that
was seen in one of our patients. Coronal and sagittal plans
showed the main corpus with its non communicating rudimen-
tary horn. Associated endometriosis was seen in another pa-
tient. This agreed with Brody et al. and Steinkuehler et al.
who stated that unicornate uterus is difﬁcult to diagnose but
MRI can help in the detection of the rudimentary horn and
evaluation of its endometrium whether it is functioning or
not (9,14).5. Conclusions
MRI examination of the pelvis fulﬁlls the demands for accu-
rate diagnosis of all classes of MDA in females at a reproduc-
tive age. It could be considered the corner stone in diagnosis
and characterization of all classes with no use of ionizing radi-
ation or vigorous techniques. So we recommend it as primary
tool for the evaluation of patients with suspected MDA.
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